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I. Summary of t h e  Research Work 

a r y  a i m  of t h i s  mul t i -d i sc ip l inary  research  program 
a t e  and broaden the e f f e c t i v e  u s e  of modern l a r q e -  

s c a l e ,  high-speed computers i n  t h e  U n i v e r s i t y ' s  space rese;.rcii 
e f f o r t s  and t o  i n v e s t i g a t e  new methods of computer app l i ca t ions  
i n  these f i e l d s .  / In l i n e  with t h i s ,  t h e  program concerns two -- 
somewhat overlapping -- areas  of a c t i v i t y :  

1) Research work on the computer o r i en ted  phases of a broad 
spectrum of space r e l a t e d  research  p r o j e c t s  i n  close cooperat ion 
wi th  the ind iv idua l  i n v e s t i g a t o r s  i n  t h e  d i f f e r e n t  academic 
d i s c i p l i n e s .  Such i n t e r d i s c i p l i n a r y  research  ranges from the 
a n a l y s i s  of methods f o r  an e f f e c t i v e  computational approach 
t o  t h e  problem, t o  t h e  development of s p e c i a l  techniques and 
appropr i a t e  programs aiding t h e  i n v e s t i g a t o r s  i n  a l l  phases 
of  t h e  p r o j e c t .  

2 )  !Research work on bas i c  problems i n  t h e  computer sc iences  
t o  deepen our knowledge and understanding of t h e  most e f f e c t i v e  
use of computers i n  research.  I This inc ludes  i n v e s t i g a t i v e  
work on t h e  development of appropr ia te  programming and monitor- 
i n g  systems and t h e i r  p r o p e r t i e s .  

I I 

During t h e  p a s t  h a l f  year  w e  have s t a r t e d  work on both t h e s e  
a r e a s  of t h e  program. However, it was of course necessary t o  con- 
c e n t r a t e  t o  s o m e  e x t e n t  on the second problem a r e a ,  and i n  p a r t i -  
c u l a r  on t h e  development of our programming systems, because every 
o t h e r  phase of t h e  p r o j e c t  depends c r u c i a l l y  upon t 

Following i s  a summary of our work during t h e  r 
For more d e t a i l  we r e f e r  i n  each case  t o  t h e  s p e c i f i c  write-up i n  
Sec t ion  111 of t h i s  r e p o r t .  

A. Systems Development 

Our e f f o r t s  i n  this  area centered around t h e  t w o  ob jec t ives :  
( a )  t o  develop and provide an i n t e g r a t e d  set  of programming 
systems under proper monitor c o n t r o l  f o r  t h e  most e f f e c t i v e  
u t i l i z a t i o n  of t h e  e n t i r e  computer system. This inc ludes  t h e  
t a s k  of i n t e g r a t i n g  t h e  u t i l i z a t i o n  of t h e  IBM-1401, provided 
t o  us  under t h e  g r a n t ,  i n t o  t h e  ope ra t iona l  system of our IBM- 
7090 i n s t a l l a t i o n ,  (b) t o  i n v e s t i g a t e  the  p r o p e r t i e s  of genera l  
purpose and s p e c i a l  purpose a lgor i thmic  languages,  and t o  study 
a s soc ia t ed  programming sys tems and t h e i r  usefu lness  i n  d i f f e r e n t  
research  p r o j e c t s .  



O n  work in the first of these two areas h?s been very 
successful and hFs provided us with a very satisfactory 2nd 
highly efiicient set of programming systems. From the be- 
ginning we decided to direct our efforts mainly to those 
systems which can be operated under complete control of one 
cectral monitor. As such a monitQr we chose the IEM basic 
Monitor 'IBSYS) and this choice h s  proved to be a very for- 
tunate one, assisting from the beginning in the proper and 
effective utilization of the entire computer system by the 
individual projects of this research program. 

Work has also started on the analysis of special languages 
and associated programming systems. Developmental work is 
underway to connect several of these systems to our monitor 
system, in order to make them svsilable and useful to differ- 
ent research projects. Other work concerns the development 
of special programing packages, in particular For multi-pre- 
cision work and for the effective utilization of macro-instruc- 
tions. 
some phases of this work. 

Two reports are presently being written describing 

B. Computer-Oriented Research 

plia s e s 

1. 

2. 

3 .  

4. 

In the report period we beganlwork on the computer-oriented 

I of the following research projects: 

Numeri ca 1 Ma thema tics 

a) Chebychev approximations for elementary snd special 
functions 
b) 
c) Computer applications to group theory 
d) 
computer. 

Numerical analysis in modular arithmetic computers 

Investigations in logic and number theory using a 

Chemistry 

a) Crystallographic structure determination by computers 

Molecular Physics 

a) Computation of Vibration-Rotation Matrix Elements for 
diatomic molecules 

Physics and Astronomy 
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a )  
radio-astronomy 
b)  Computational methods i n  nuclear  physics  

Computer program development i n  long wavelength 

3 -  Chemical Engineering 

a )  Inves t iga t ion  of complex equi l ibr ium s t a g e  processes  
b) Computer modeling of two-phase flow problems 

As previously mentioned, d e s c r i p t i o n s  of these  ind iv idua l  
p r o j e c t s  a r e  given i n  Sect ion 111. The work i n  numerical mathe- 
mat ics  and chemistry has  a l ready produced s i g n i f i c a n t  r e s u l t s  
which w i l l  be presented i n  s e v e r a l  r e p o r t s  now i n  var ious  s t a g e s  
of completion. One phase of t h e  work i n  nuc lear  physics  i s  ex- 
pected t o  appear i n  book form. 

Research work on other  p r o j e c t s  and with o the r  departments 
i s  now beginning. I n  p a r t i c u l a r ,  w e  a r e  d iscuss ing  with t h e  
Department of E l e c t r i c a l  Engineering cooperat ive work on two 
p r o j e c t s :  ( a )  exploratory research  on t h e  problem of semi-auto- 
m a t i c  indexing and a s soc ia t ion  of documents i n  depth and i n  a 
c a r e f u l l y  def ined area .  I n i t i a l l y  t h i s  w i l l  involve computer 
research  on the  s t r u c t u r e  of t h e  p a r t i c u l a r  information space,  
and of s u i t a b l e  formal languages f o r  manipulating t h a t  space 
on a computer; (b) i n v e s t i g a t i v e  work concerning c e r t a i n  pro- 
b l e m s  i n  t h e  a r e a  of t h e  number and s t r u c t u r e  of uni t -d is tance  
codes.  

The Computer Science Center i t s e l f  i s  prepar ing  t o  e n t e r  t h e  
research  a rea  of p a t t e r n  recogni t ion  and p i c t o r i a l  data-pro- 
cess ing .  A t  t h e  same time the  Department of Psychology i s  begin- 
ning a research  p r o j e c t  on human p a t t e r n  recogni t ion .  O u r  own 
p lans  revolve around the i n v e s t i g a t i o n  of p o s s i b l e  s t a t i s t i c a l l y  
based gene ra l i za t ions  of the  edge concept,  t h e  d e f i n i t i o n  of 
"enhancement" opera t ions  f o r  such genera l ized  edges,  t he  t e s t i n g  
of these  r e s u l t s  by computer s imula t ion ,  and r e l a t e d  prcblems 
t h a t  may develop. The Psychology p r o j e c t  i s  concerned with the  
f a c t  t h a t  t h e  human obse rve r ' s  a b i l i t y  t o  recognize p a t t e r n s  under 
degraded (noisy o r  poor q u a l i t y )  condi t ions  i s  no t  c l e a r l y  under- 
s tood .  Although many s t u d i e s  have demonstrated t h e  importance 
of information con ten t ,  redundancy, and "meaningfulness" i n  form 
o r  p a t t e r n  recogni t ion ,  f u r t h e r  s p e c i f i c a t i o n  of t h e  i n t e r a c t i v e  
e f f e c t s  of these  va r i ab le s  i n  recogni t ion  t a sks  us ing  degraded 
v i s u a l  s t i m u l i  i s  necessary t o  understand more c l e a r l y  t h e  pro- 
ces s ing  mechanisms involved i n  human p a t t e r n  recogni t ion .  Ex- 
periments i n  t h i s  a r ea  depend c r u c i a l l y  on t h e  computer because 
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only t h e  computer c a n  generate s u f f i c i e n t l y  complex c l a s s e s  
of  v i s u a l  s t i m u l i  f o r  given s p e c i f i c a t i o n s  a s  t o  information 
c o n t e n t ,  n o i s e ,  and q u a l i t y .  These forms will then be judged 
by s u b j e c t s  for  "meaningfulness" us ing  mu1 t i -dimensional  psy- 
chophysical s c a l i n g  techniques and v e r b a l  d e s c r i p t i o n s  ( a s soc i -  
a t i o n s ) .  The experimental  s t u d i e s  will a l s o  inc lude  eva lua t ion  
of t h e  effects  of these s t imulus  v a r i a b l e s  on human p a t t e r n  re- 
cogn i t ion  i n  va r ious  perceptua l  t a s k s .  The a n a l y s i s  of the 
experiments w i l l  of course aga in  involve  computer use.  
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I 11. Personnel 

Dr. W. C. Rheinboldt, Director of the Computer Science Center I -  
l and Research Professor of Computer Science is the principal in- 

vestigator of the entire program. The systems development work 
is handled by Alfred E. Beam, Senior Systems Analyst of the Com- 
puter Science Center in cooperation with John P, Menard, Assis- 
tant Director of the Computer Science Center. In August 1963, 
Dr. Earl J, Schweppe joined the Computer Science Center as Re- 
search Assistant Professor of Computer Science, His interests 
are in the study of special algorithmic languages and associated 
programming systems, and in particular the investigation of man- 
machine systems. The systems development group also includes 
George E. Lindamood, who joined the Center as a Research Program- 
mer in September 1963. In July 1963, Dr, Alan Marcovitz of 
Columbia University joined our Center to cooperate in certain 
phases of the analysis of the Michigan Algorithmic Decoder. Dr. 
Marcovitz is now Assistant Professor of Electrical Engineering 
at the University of Maryland and is continuing his cooperation 
with the program. 

l 

In June 1963, Dr. A. Sinkov, Associate Professor of Mathe- 
matics and Research Consultant in the Computer Science Center 
left the University to go to the Arizona State University. His 
place has now been taken by Dr. Richard Austing of Catholic Uni- 
versity, who joined the Center in September 1963 as Research 
Assistant Professor of Computer Science. Dr. Austing's special 
interests are in Numerical Mathematics. 

Mr. C. K. Mesztenyi, Senior Research Programmer at the Com- 
puter Science Center is continuing his work on rational approxi- 
mations, and he is also directing the programming work connected 
with the research program. Under his guidance, R. L. Clark, Re- 
search Programmer and A. Radichevich, Jr, Research Programmer, 
are working on special programming problems, particularly the 
development of multi-purpose programs for use by different re- 
search projects. 

The following Graduate Research Assistants have been connected 
with the program during the Spring Semester 1963: J. Connelly 
(Mathematics), G. Meyer (Mathematics) and S o  Wax (Mathematics). 
C. Park (Chem. Eng.) and F. Karriker (Physics) worked with us full 
time during the summer, and beginning with this new academic year 
we have the following graduate research assistants participating 
in the activities of the program: J. Connelly, F. Karriker and 
C. Park. It should be noted here that two of the 20 NASA Trainees 
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a r e  working i n  computer-oriented mathematics: J, W, Snively,  
Jr. and 3 .  Maryak. Both these s tuden t s  have assoc ia ted  themselves 
wi th  research  p r o j e c t s  under this  program and both  a r e  p re sen t ly  
w r i t i n g  t h e i r  masters '  theses  on c e r t a i n  aspec ts  of t hese  p r o j e c t s .  

I n  l i n e  w i t h  t h e  mul t i -d isc ip l inary  cha rac t e r  of t h e  e n t i r e  
r e sea rch  program we have t h e  b e n e f i t  of  co l l abora t ing  with a num- 
ber of col leagues i n  the Universi ty  of Maryland, Their names are 
l i s t e d  w i t h  each of t h e  s p e c i f i c  p r o j e c t s  i n  Sec t ion  111. I n  addi- 
t i o n ,  we would l i k e  t o  mention t h e  names of s e v e r a l  col leagues who 
are cooperat ing p a r t i c u l a r l y  i n t e n s i v e l y  i n  our e f f o r t s  under this  
program: D r .  T. €3. Day (Phys ics ) ,  D r ,  3 ,  M, S t e w a r t  (Chemistry),  
D r .  S ,  Weissman (Molecular Phys ics ) ,  D r ,  N o  Anderson (Psychology),  
D r .  H, Tompkins (Electrical  Engineering!,  and 3- Chappell ,  Jr. 
(Business Data Process ing) .  F i n a l l y ,  we  would l i k e  t o  l i s t  the 
name of M r .  G, Berns,  IBM-Technical Representat ive a t  the Computer 
Science Center whose cooperation w i t h  our systems programming group 
i s  a g r e a t  h e l p  i n  our work. 

- 6 -  



111. Detai led Descr ipt ions of Supported P r o j e c t s  

A, Programminq Systems 

A, Beam, J. Menard, Computer Science Center 
G .  Berns, IBM 

The e f f e c t i v e  u t i l i z a t i o n  of modern complex la rge-sca le  
computers depends c r u c i a l l y  on the a v a i l a b i l i t y  of v e r s a t i l e  
programming and monitoring systems. Espec ia l ly  f o r  a mult i -  
d i s c i p l i n a r y  research  program such a s  ou r s ,  t h e  proper selec- 
t i o n ,  adapta t ion ,  and d i v e r s i f i c a t i o 2  of h ighly  f l e x i b l e  pro- 
gramming systems is of extreme importance. Accordingly, we 
concentrated heav i ly  on the development and modif icat ion of 
such sys  t e m s  

As mentioned i n  Section I ,  our work has  been based on the 
IBM Basic Monitor ( IBSYS) .  A diagram of a l l  t h e  programming 
systems now a v a i l a b l e  a t  our Center under t h e  IBSYS Monitor 
i s  given a t  the end of t h i s  s e c t i o n ,  Fig,  1. A l l  t hese  sy- 
stems have been in t eg ra t ed  i n t o  a ope ra t iona l  package especi- 
a l l y  s u i t e d  t o  t h e  conf igura t ion  of our  equipment and the 
s p e c i a l  needs of our research program. A second diagram, Fig.  
2 ,  i n d i c a t e s  a l l  t h e  o ther  systems which a r e  ope ra t iona l  and 
a v a i l a b l e  upon reques t  t o  t h e  r e sea rche r s  using our  f a c i l i t i e s .  

The systems-configurations descr ibed i n  Figures  1 and 2 
conta in  c e r t a i n  s p e c i a l  f e a t u r e s  and modif icat ions which we 
developed with the p a r t i c u l a r  aim of meeting t h e  extremely 
var ied  demands of our research work. A Mult ip le  P rec i s ion  
Package (MPP) -- an extremely u s e f u l  t o o l  i n  performing com- 
pu ta t ions  w h e r e  extensive accuracy i s  needed o r  where the range 
of the da ta  i s  extremely l a r g e  -- has  been incorporated under 
IBSYS and i s  a v a i l a b l e  i n  conjunct ion w i t h  t h e  FORTRAN I1 
Monitor. 
t o  t h e  MPP, a language c a l l e d  PRECISE has  been developed and 
is  a l s o  a v a i l a b l e  under IBSYS. PRECISE h a s  been pa t t e rned  
a f t e r  and i s  c l o s e l y  r e l a t e d  t o  the OMNITAB language developed 
a t  t h e  Nat ional  Bureau of Standards.  The e s s e n t i a l  d i f f e r e n c e  
i s  t h a t  OMNITAE performs i t s  a r i t h m e t i c  opera t ions  i n  a s i n g l e  
p r e c i s i o n  mode. Both languages have proven vexy u s e f u l  t o  
d i f f e r e n t  research  p r o j e c t s  i n  the Univers i ty .  W e  have t h e r e f o r e  
agreed t o  cooperate w i t h  the au thors  of OMNITAE i n  modifying 
the OMNITAB program and incorpora t ing  it under IBSYS. 
d a t e  of 1 December 1963 has  been set  f o r  t h i s  p r o j e c t .  

For ease  of operat ion and t o  g ive  g r e a t e r  a c c e s s i b i l i t y  

A t a r g e t  
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Severa l  research  p r o j e c t s  a r e  now developing which w i l l  
need symbol-manipulating and information-processing languages.  
For t h i s  reason we  have already incorporated t h e  w e l l  known 
IPL-v language i n t o  the IBSYS Monitor, and we  have now a l s o  
modified t h e  LISP-System developed a t  MIT, and incorporated 
it i n t o  the IBSYS Monitor. 

A f u r t h e r  aspec t  of the research  i n  the programming systems 
f i e l d  has been o u r  d e t a i l e d  s tudy of the c a p a b i l i t i e s  of t h e  
b a s i c  IBM programming systems. I n  p a r t i c u l a r ,  we have given 
very  special a t t e n t i o n  t o  the Macro Assembly Program ( IBMAP) .  
The r e s u l t s  of %his research a r e  embodied i n  a system c a l l e d  
MOIST (Macro Output Lnput S y s t e m )  which was developed a t  t h e  
Computer Science C e n t e r  by M r .  G .  Berns. As i nd ica t ed  by i t s  
name, the purpose of M O I S T  i s  t o  provide an extremely f lexible 
and s i m p l e  means f o r  programming i n p u t  and output  for t h e  IBM 
7090/94. 
the I B J O B  Monitor under IBSYS.  A second ve r s ion  MOIST-F i s  
i n  p repa ra t ion  f o r  operat ion under t h e  FORTRAN Monitor System. 
A complete r e p o r t  on M O I S T  w i l l  be forthcoming. 

MOIST has  been w r i t t e n  us ing  IBMAP and ope ra t e s  under 

W i t h  the inc reas ing  importance of algori thmic languages 
w e  have found i t  necessary t o  devote a considerable  amount of 
t i m e  t o  t h i s  a r ea .  The SHARE organ iza t ion ,  t oge the r  with IBM, 
has  r e c e n t l y  re leased  an ALGOL compiler for t h e  IBM 7090. This 
compiler is  p r e s e n t l y  opera t ing  under FORTRAN 11, Version 2. 
Our immediate concern has  been t o  i n v e s t i g a t e  t h e  usefu lness  
and e f f i c i e n c y  of the compiler.  A t  the same t i m e  we a r e  pro- 
ceeding with the t a s k  of modifying t h e  compiler i n  o rde r  t h a t  
it may opera te  under t h e  IBSYS Monitor. 
been set  f o r  t h i s  t a sk .  

N o  t a r g e t  d a t e  has  

Further  e f f o r t s  w i t h  a lgori thmic languages have been concerned 
w i t h  the MAD (Michigan Algorithmic Decoder) language. The ex- 
t r e m e  speed of compilation and t h e  f l e x i b i l i t y  and power  of the 
language make t h i s  a very u s e f u l  t o o l  for  research.  W e  have made 
t h i s  language a v a i l a b l e  t o  our  u s e r s  under i t s  own s e p a r a t e  sy- 
s t e m  (Michigan Executive System) and we a r e  p r e s e n t l y  modifying 
t h e  MAD Compiler and wr i t i ng  a s p e c i a l  monitor s i m i l a r  t o  the 
FORTRAN Monitor System which W i l l  a l low t h e  MAD Compiler t o  ope ra t e  
under IBSYS. The t a r g e t  da te  f o r  completion of t h i s  p r o j e c t  is  
1 February 1964. It  i s  expected t h a t  such a modif icat ion w i l l  f i n d  
very w i d e  acceptance and serve a very u s e f u l  purpose. 
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B. Computer-Oriented Research Projects 

1) Numerical Mathematics 

a) Chebyshev Approximations for Elementary and Special 
Functions 

C. K. Mesztenyi, Computer Science Center 
Dr, C, Witzgall, National Bureau of Standards 

In all computational work elementary and special func- 
tions need to be evaluated repeatedly and efficiently. This 
has led in past years to an extensive development of approx- 
imations for these functions. One large-scale research pro- 
ject on the use of rational approximations for the uniform 
(Chebyshev) approximation of functions was carried out by 
H, Maehly at Princeton University and later on at Syracuse 
University. Dr. Maehly ' s death in 1961 interrupted this 
work after only a small part of the research results had been 
completely checked out and published. His direct collabora- 
tors, C. Witzgall (now with the Applied Mathematics Division 
of the National Bureau of Standards) and C. K. Mesztenyi 
(Senior Research Programmer at the Computer Science Center) 
are now collecting these earlier results in order to put them 
in final form for publication and then to continue this im- 
portant research work. 

During the past half year, C. Mesztenyi has been con- 
cerned with the numerical check-out of the rational approx- 
imations obtained by Maehly and with the experimental inves- 
tigation of their actual error-curves. Computer programs 
have been completed for the multi-precision evaluation of 
these formulas and for their comparison with the exact func- 
tions. This work is expected to continue for another four 
to five months and the results are expected to be published 
in book form. 

The multi-precision part of the computational work in- 
volves the use of a special multi-precision programming pack- 
age developed and perfected by A. E. Beam, Senior Systems 
Analyst of the Computer Science Center. This multi-precision 
package will be described in a separate report. 

After the work on Maehly's rational approximations has 
been completed and published, both investigators plan to con- 
tinue their earlier work on special iterative methods for 
obtaining approximations of given functions. 
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b) Numerical Analysis in Modular Arithmetic Computers 

G ,  E. Lindamood, Computer Science Center 

Modular arithmetic computers--digital computers in which 
numbers are represented by their residues with respect to 
several mutually prime moduli -- have recently been the sub- 
ject of considerable investigation in several universities 
and private companies in the United States and in the Labora- 
tory of Mathematical Machines in Prague, Czechoslovakia, Of 
particular interest in these investigations have been the 
theoretical problems arising in performing several fundamental 
operations, such as overflow detection, magnitude comparison, 
and division, in these computers. 

As a result of work beginning in June 1962, at Westing- 
house Electric Corporation in Baltimore, Maryland, G. E. 
Lindamood has found mathematical techniques for comparing the 
magnitudes of two numbers, detecting additive and multiplica- 
tive overflow, performing division, and extracting square roots 
in modular arithmetic computers. These techniques are of the 
utmost importance in the development of modular arithmetic com- 
puters, since it was previously unknown how to perform these 
operations in the number system used in such computers. 
demonstrate the practical application of these techniques, 
G. Lindamood prepared programs to simulate modular arithmetic 
division and square root extraction on the IBM 7090 computer. 
These programs, which were run on our 7090 computer, have pro- 
vided additional information about the speeds of convergence 
and general behavior of the modular arithmetic division and 
square root techniques. 

To 

G o  Lindamood has recently joined the staff of the Computer 
Science Center as a Research Programmer and is currently pre- 
paring 3 report summarizing his contributions on performing 
fundamental operations in modular arithmetic computers and pre- 
senting the results of the simulation runs. 
serve as the thesis for his M.A. degree in mathematics and will 
later be published in the form of several articles in profes- 
sional journals. 

The report will 

Pertinent References 

G, Lindamood & G. Shapiro: "Magnitude Comparison and Over- 
flow Detection in Modular Arithmetic Computers" SIAM 
Review, to appear (in Oct. or Nov. 1963 issue.) 
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Computer App 1 i ca t o Group Theory 
II 

D r -  A,  Sinkov, Computer Science Center* 
S. W. Snive ly ,  J r , ,  NASA-Trainee, Computer Science Center 

I n  t h e  l a s t  few decades,  grocp-theoret ic  problems have 
gained inc reas ing  importance i n  a number of a p p l i c a t i o n s ,  
ranging from quantum-mechanics t o  cryptography. B u t  only 
i n  r ecen t  yea r s  has  a t t e n t i o n  been d i r e c t e d  toward the use 
of computers i n  group-thearet ic  research.  

A b a s i c  problem i n  t h e  theory of  groups i s  t h e  determin- 
a t i o n  of t h e  group defined by a s e t  of r e l a t i o n s  s a t i s f i e d  
by i t s  genera tors .  The c a s e t  enumeration technique-  of Todd 
and Coxeter {Proc,  Edinkurqh Math. SOC. ( 2 )  , 5,  1936) i s  
s u f f i c i e n t l y  mechanical t o  admit of being programmed f o r  a 
high speed computer. Several  i n v e s t i g a t o r s  have worked a t  
t h e  problem of programming it .  Most of th is  work i s  a s  y e t  
unpublished, A f i r s t  paper concerning t h i s  t o p i c  was pub- 
l i s h e d  by S. Felsch,  {Num.. Math. 3, 250, 1961);  he used a 
Zuse 2-22 computer. Recently a paper by J. Leech (Proc.  
Cambridge P h i l .  SOC. 59, 257, 1963) descr ibed h i s  work on 
t h e  EDSAC-computer. During the  p a s t  h a l f  year  t h e  i n v e s t i -  
ga to r s  developed IBM-7090 programs f o r  t h i s  enumeration pro- 
cess,  

A comparison of these t h r e e  programs i s  a v a i l a b l e  f o r  t h e  
case  of a tes t  problem: namely, f o r  t h e  enumeration of a 
group def ined e a r l i e r  by A b  Sinkov (Annals of Math, 38, 3 ,  
1937). A p e n c i l  and paper enumeration by Todd requi red  i n  
excess of 30 hours ,  Felsch used 2 hours on t h e  2-22, Leech 
used 42 minutes on t h e  EDSAC and Sinkov used 5 minutes on t h e  
IBM-7090. 

This enumeration procedure i s  being used t o  s tudy t h e  
Burnside problem of exponent 4 ,  about which very l i t t l e  i s  
k wn. B q l  i s  t r i v i a l  and of o rde r  4; B 
2 . The bnly o the r  known r e s u l t  i s  t h a t  B 

i s  of o rde r  
i s  f i n i t e .  4 2  f9  

4 , n  

The IBM-7090 programs f o r  t he  computer enumeration have 
produced t h e  following r e s u l t s  t o  da t e :  

*Now: Department of Mathematics, Arizona S t a t e  Un ive r s i ty ,  
Tempe, Arizona 
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~n i r r e d u c i b l e  d e f i n i t i o n  of t h e  2-generator methabelian 
group a f  exponent 4 .  

'3' (where t h e  Ybperscript  means t h a t  3 gener- 4,3 The order  B 
a t o r s  a r e  invoiutaryi  i s  2 

( 2 1  21 
433 

is 2 P.e s r d e r  of €3 

A Focedure has  been ind ica t ed  by which the o rde r s  of 

if' ?nvar i>nt  opera tors  and corresponding quo t i en t  groups. 
These i n v a r i a n t  operators  -- f o r  a l l  cases t r i e d  thus  
f a r  -- a r e  commutators or squares  of commutators. 

9 - Y ' may be der ivable  from t h e  establ ishment  of a chain 

This procedure -- i f  e f f e c t e d  -- w i l l  s imultaneously 
provide a d e f i n i t i o n  of a Burnside group of exponent 4 
f r every power of 2 from t h a t  which g ives  the  order  of 
F dawn t o  2n-x. 

e+l) 
4 , n  

? t  is i nd ica t ed  t h a t  t h e  ex tens ion  from B 
causes t h e  exponent of 2 t o  be a t  l e a s t  d o b h e d .  

4 n  

t o  B 4 

A prel iminary r e p o r t  by A. Sinkov w i l l  appear s h o r t l y ,  de- 
scribing these  resul ts  i n  more d e t a i l .  Another r e p o r t ,  c u r r e n t l y  
be ing  w r i t t e n  by J. Snively,  p re sen t s  f u r t h e r  d e t a i l s  about t h i s  
research  w3rk. Although Professor  Sinkov has l e f t  t h e  Univers i ty ,  
h e  i s  s t i l l  d i r e c t i n g  M r .  Sn ive ly ' s  t h e s i s  work i n  t h i s  t o p i c .  

d )  Tnvest iqat ions i n  Loqic and Number Theory Usinq a Computer 

D r .  S.  Kuroda. Department of Mathematics 
John Maryak, NASA-Trainee, Computer Science C e n t e r  

Although they may seemto belong t o  d i f f e r e n t  a r eas  of mathe- 
mat ics ,  Logic, Number Theory, and Computer Science a r e  i n t r i n -  
s i c a l l y  r e l a t e d  f i e l d s .  For example, it i s  c e r t a i n l y  no acc i -  
dent  t h a t  t h e  idea of applying Boolean algebra t o  the  a n a l y s i s  of 
switching c i r c u i t s  developed independently i n  t h e  United S t a t e s ,  
Russia ,  and Japan around 1940, Since t h a t  t i m e ,  t h e  three f i e l d s  
have grown c l o s e r  and c lose r  toge ther .  

Recently t h e r e  have been remarkable advances i n  a l g e b r a i c  
numher theory by computational methods (see, e .g . ,  H. Cohn, 0. 
Taussky, Number Theory, Chapter 16 of J. Todd, Survey of Numer- 
ical Anslysis: .  Even so,  more computational r e s u l t s  a r e  needed 
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t o  prepare f o r  f u r t h e r  t h e o r e t i c a l  progress  i n  t h i s  f i e l d .  For 
example, the, r a t i o n a l  primes of t h e  f3rm 

( p  r a t i o n a l  prime) 

hive gained added impartance due t o  t h e i r  appearance i n  Waring's 
problem 

One of t h e  aims of t h e  p re sen t  i n v e s t i g a t i o n  i s  t o  c l a r i f y  
s t r u c t u r e s  of t h e  i d e a l  class groups of cyclotomic f i e l d s .  
generated by a p r imi t ive  m t h  r o o t  of u n i t y 3  
t ive  i n t e g e r  r e l a t e d  t o  the primes mentioned above. A r e l a t e d  
problem involves  t h e  determination of t he  decomposition law of 
r a t i o n a l  primes i n  var ious  a lgeb ra i c  number f i e l d s  11 

Q ( 3  ) m . m  where m is  a posi-  m 

The computer-oriented phase of t h i s  research  involves  a s  a 
f i r s t  s t e p  t h e  c a l c u l a t i o n  of prime number t a b l e s ,  m o r e  exten- 
sive than those  generated up t o  now This i n  t u r n  leads  t o  in-  
t e r e s t i n g  computer science problems i n  bit-manipulation. 

During the p a s t  h a l f  year a s e t  of computer programs has  
been developed t o  c a l c u l a t e  a t a b l e  of a l l  prime numbers less 
than  4 29 b i l l i o n  i n  a form s u i t a b l e  f o r  f u r t h e r  computations. 
Each b i t - p m i t i o n  i n  a bu f fe r  area S c o n s i s t i n g  of M words re- 
p r e s e n t s  from l e f t  t o  r i g h t  i n  ascending order  of s t o r a g e ,  t h e  
odd i n t e g e r s  (2N + 1) through ( 2 N  72M - 1)# where N i s  a given 
p o s i t i v e  i n t e g e r  d i v i s i b l e  by 36 (word-length of t h e  IBM 7090). 
The program u s e s  t h e  Eratosthenes-sieve method t o  set  t o  1 a l l  
b i t s  r ep resen t ing  primes,  and t o  set  t o  0 a l l  those bi ts  repre-  
s e n t i n g  composite numbers, A l l  programs have been developed t o  
a s su re  t h e  utmost e f f i c i e n c y ,  proper g e n e r a l i t y ,  and usefu lness  
i n  f u r t h e r  number-theoretic and l o g i c a l  computations,  I t  i s  
p a r t i c u l a r l y  noteworthy t h a t  t h e  programs a r e  extremely f a s t .  
For example, t o  compute a t a b l e  of prime numbers i n  an i n t e r v a l  
of aboct 1 8 mi l l i on  numbers takes  only be tween  39 seconds t o  
140 seconds,  depending on the l o c a t i o n  of t h e  i n t e r v a l  i n  t h e  
:otal  range from 0 t o  4.2 b i l l i o n .  

A s p e c i a l  r e p o r t  descr ib ing  t h e s e  programs and the s p e c i a l  
b i t -manipula t ion  techniques i s  i n  prepara t ion .  Professor  Kuroda 
i s  now beginning t o  u s e  these programs f o r  h i s  research  work 
mentioned above. S imi la r  bi t -manipulat ion techniques w i l l  be 
important i n  a second phase of t h e  e n t i r e  p r o j e c t  concerning 
t h e  Froving of mathematical theorems on a ccmputer. 
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D r .  :- M. S tewar t ,  Dep2rtmcnt of Chemistry and Computer 
Science rente.: 

The problem of determining t h e  s t r u c t c r e  2f c r y s t a l s  i s  
me of g r e a t  i n t e r e s t  t 2  Chem;sts E i o l o g i s t s ,  and Ceof3gis t s  
a t  t h e  F resen t  t i m e .  This reae3:ch ~ 1 0 j e c t  i s  d i r e c t l y  con- 
cerned wi th  t h e  devel3pment of methods and corrEsp2nding c o m -  
p u t e r  Frograms for  the accur2te  dete.rminAtion of the atomic 
parameters i n  c r y s t a l s  frQm X=ray 3r nect ron  d i f f r a c t i o n  d a t a  
of s o l i d  c r y s t a l l i n e  ma te r i a l  Since. t h e  d a t a  gathered a r e  
the r e s u l t  of d i f f r a c t i o n  r a t h e r  than r e f r a c t i m ,  t h e  use  of 
high-spee.d computing f a c i l i t i e s  a r e  of c r u c i a l  importance t o  
the F r a c t i c a l i t y  of t h e  methQd f q r  i n v e s t i g a t i n g  t h e  s t r u c -  
t u r e  of t h e  many i n t e r e s t i n g  cnmE;mnds 

I n  t h e  beginning of programming f o r  t h e  s o l u t i o n  of cry-  
s t a l  s t x c t u r e s ,  i t  was a common E r a c t i c e  t o  w r i t e  i s o l a t e d  
programs f o r  each a p p l i c a t i o n  However, a s  d a t a  ga the r ing  
techniques improved and became more automated, i t  kecame q u i t e  
obvious t h a t  the programming methods would a l s o  have t o  i m -  
prove and become more automatic,  The programs developed here 
have accomplished t h i s  gDal and form a much needed c x y s t a l l o -  
graphic  computing system 

More p r e c i s e l y ,  t h e  programs a r e  designed t o  c o n s t i t u t e  a 
"system'r f o r  X-ray c rys ta l lography which w i l l  run independent- 
l y  of or i n  conjunct ion wi th ,  e x i s t i n g  IRM-709 - 7090 - 7094 
monitars .  The major subroEtines of t h e  system do the ca l cu la -  
t i o n s  necessary t o  i n t e r p r e t  X-ray d i f f r a c t i o n  p a t t e r n s  and t o  
e s t a b l i s h  accu ra t e  atomic pjrarneters i n  c r y s t a l s  

The course  of t h e  computation, which may involve  any num- 
ber of the l i n k s  i n  t h e  system is c o n t r o l l e d  by t h e  sequence 
of ca rds  i n  t h e  i n p u t  da t a .  These c o n t r o l  func t ions  a r e  exer- 
c i s e d  by  a s p e c i a l  sub rou t ine  called "CATLER" through w h i c h  a l l  
i n p u t   asses. Inpu t  da t a  ca rds  a r e  i d e n t i f i e d  by punches i n  
the f i r s t  s i x  card  columns, u s u a l l y  a mnemonic of  the card  
func t ion ,  A d a t a  deck c o n s i s t s  of the fol lowing k inds  of  cards :  

i a l  a p e r a t i o n a l  cards  :which a r e  acceptab le  a t  any t i m e )  
perform immediate opera t ions  such a s  a s s ign ing  t a p e s ,  
p r i n t i n g  r e m a r k s  and i n s t r u c t i o n s  and supplying a 
t i t l e -  
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b ,  A c a l l i n g  card s e n e . 5  t 3  c a l l  t he  s p e c i f i e d  program 
l i n k  and i n i t i a t e  t h e  Frogran- 

"d An end c i r d  i n d i c a t i n g  the  end Qf t h e .  d a t 3  deck. 

A seqcence of c 2 l c u l s t i Q n s  may k6. performed ky 
s t ack ing  LE an apprapr i3 te  set of d a t a  decks f o r  example, 
" p x a m e t e r  loading'' followed by 3 ' F x r i c r  synthEsis ,  If D r  

s c v e r a l  cyc le s  of " a u t o m t i c  rcfinemF.nt" This set  2f d a t a  
decks i s  i d e n t i f i e d  by a Ereceding szeciaj .  c 3 r d ,  the *-data  
ca rd .  Another s e q ~ e n c ~  af ca1culat ix-s  msy be 
i n i t i a t e d  by f o l l w i n g  t h e  f i r s t  a ~ q ~ ~ : n c e  k y  anDther *-datzi 
card  and one or m 3 r E  data  deck5 = et continucm Execution 
t w m i n a t e s  and c o n t r o l  is returnc.d t-7 t he  c 3 l l i n g  monitor 
when a "FZNISH' '  ca rd  or  an E N D - 3 F - F I T E  i s  read 3n t h e  monitor 
i n p u t  tay:e, 

A t  the p r e s e n t  t i m e  the X-ray crysts : l?gr3phic  comput- 
i n g  system i s  p a r t l y  completed and has been d i s t r i b u t e d  f o r  u se  
a t  the U n i v e r s i t i e s  of Maryland, Washington and F l o r i d a ,  a s  
well a s  a t  the Naval Research I akora tg ry ,  Washington, D O C . ,  The 
NASA-Space Center ,  Huntsvi 2 l e ,  A 1 3 b z i m  and t h c  N3tional Bu- 
reau of S tanda rds ,  Washington C C -  

The l i s t  of progrzim l i n k s  a t  t h e  end of t h e  s e c t i o n  s e r v e s  
t o  i l l u s t r a t e  t h e  p re sen t  and intended scope of t h i s  c r y s t a l -  
lographic  computing systcm f o r  t h e  :EM-709 - 7090 - 7094. 

The major r e s p o n s i b i l i t y  f o r  t h e  "X-ray 63' '  Frogramming 
system l ies  with 2 ,  M, Stewart  r f n i v e r s i t y  -f Maryland! and 
Dar re l l  High Univers i ty  of C a l i f o r n i a  a t  Ssn Diego).  The 
progrmuning a s  a whole has been the. r e s u l t  of group e f f o r t  by 
many pezple .  J, Stewart  i s  c u r r e n t l y  p repa r ing  a r e p o r t  giv- 
i n g  a complete d e s c r i p t i o n  of  t h e  system and the methods used. 
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X-ray Crystallography System 
L i s t  of  Library Proqrams 

T h i s  l i s t  is the t a b l e  of l i b r a r y  programs i n  t h e  "X-ray 63"  pro- 
gramming system, An a s t e r i s k  r e f e r s  t o  t h e  programs c u r r e n t l y  i n -  
cluded i n  t h e  working system tape .  

* LOADER Beginning program, t ape  genera t ion  
* FC Parameter loader and s t a t i s t i c a l  c a l c u l a t i o n  of 

* DIFSW D i f f e r e n t i a l  synthes is  
s t r u c t u r e  f a c t o r s  

DFSYNA Modified d i f f e r e n t i a l  s y n t h e s i s  
LSQFM Full-Matrix l e a s t  squares  

* ORFLS Busing-Martin-Levy fu l l -mat r ix  least  squares  
* FOVRR Four ie r  syn thes i s  
* FOL-REF Four ie r  refinement ( s h i f t s  atoms t o  Four ie r  peak) 
* SHLFAT S h e l l  Pa t te rson  

EONDLA Bond length  and angles  
F RQJC T P ro jec t ion  of a molecule on a plane 

SCFTAP Prepara t ion  of supe rpos i t i on  b inary  t ape  
SVFERA/SUPERB/SUPERC Pat te rson  superpos i t ion  programs A, B and 

* LSQPI. Least  squares ,  p lane  and l i n e .  

SUFROT 
* DELSIG 

PHASE 
* DATRDN 

DATCOR 
* DATFIX 
* MODIFY 

WEIGHT 
* ESBRT 

LISTFC 
* CRYSET 
* RBLANE 

RLIST 
P A M  
TFINFO 
GESET 
REFPAK 
REFSOR 
TAPCOP 
PAWON 

* BYEBYE 
NRLA/MRLB 

* ERLLNK 

C 
Rotation program t o  f i t  model t o  Pa t t e r son  
P l o t  of  del ta-F versus  F-observed f o r  sigma f o r  d a t a  
reduct ion  
Calcula t ion  of Karle-Hauptman phases 
Data reduct ion 
Data c o r r e l a t i o n  f o r  f i lms  
Calcula t ion  of sca l ed  u n i t a r y  s t r u c t u r e  f a c t o r s  
Search and modify r e f l e c t i o n  tape  
Prepare weights f o r  l e a s t  squares  
S o r t  f o r  Karle-Hauptman phase determinat ion 
F ina l  s t r u c t u r e  f a c t o r  l i s t i n g  
Donnay-Takeda c r y s t a l  t ransformations 
Calcu la te  R over a p r o j e c t i o n  f o r  moved molecule 
Calcu la te  R f o r  s p e c i a l  c l a s s e s  of  r e f l e c t i o n  
Least-squares refinement of l a t t i c e  parameters 
Calcu la tes  temperature f a c t o r  s t a t i s t i c s  
Generation of r e f l e c t i o n  and c r y s t a l  set for GE XRD-5 
In t e rconve r t s  r e f l e c t i o n  t ape  and b ina ry  deck 
Ref lec t ion  s o r t i n g  from t ape  
General t ape  copying r o u t i n e  
Pa t t e r son  convolution program 
Convert system r e f l e c t i o n  t ape  t o  non-system formats 
Spare e n t r y  A o r  B, r e s p e c t i v e l y  f o r  experimental  
purposes 
Execution e r r o r  d i agnos t i c s  program 
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3 I MolecLlar P h j s i c s  -- 
Com&tstion of Vibrat ion-Potat i3n Matr ix  - Elements f o r  
Diatomic M 3 1  e c u l e s  
ly_ _I-..-.LIIy-I_LLL--- -- 

D r  W Fenesch, I n s t i t u t e  f o r  MJiecuiar Physics  

The I n s t i t u t e  f a r  Molecular Physics i s  concerned w i t h  a 
v a r i e t y  of r e sea rch  Groiec ts  i n  the. gene ra l  c a t e g o r i e s  of 
phys ica l  chemistry spectroscaFy thermodynamics s t a t i s t i c a l  
mechanics and k i n e t i c  theory ,  and molecular s c a t t e r i n g  phe- 
nomena 

??e ;rrnk?em w i t h  which t h i s  i n \ * e s t i g a t i o n  is concerned 
i s  t h a t  of compiting the v i b r a t i m a :  mat r ix  elements f o r  
diF'>:e t r a n s i t i m s  of  a r o t a t i n g  diatomic molecule, There i s  
a cons iderable  background Qf e . f f9 r t  i n  t h i s  a r e a ,  although 
m o s t  wQrk has  been c a r r i e d  o u t  on t o t a l  v i b r a t i o n - r o t a t i o n  
kands .  The present Frogram seeks t o  o b t a i n  mat r ix  elements 
f o r  i n d i v i d u a l  v i k r a t i o n - r a t a t i m  l i n a s  

The f i r s t  computation has  generated mat r ix  elements based 
on the Morse o s c i l l a t o r  wave func t ion  and the fol lowing d i p o l e  
moment fGnction- 

2 3 
M=M + M tr-r ' + M . r - r  ' M3 (r-rel . 

0 1 e 2 e 

The va lues  obtained have been very  h e l p f u l  i n  t h e  i n t e r p r e t a -  
t i a n  of d2 ta  r e s u l t i n g  from hydrogen iod ide  i n t e n s i t y  mea- 
surements,  The measured and camFuted ma t r ix  elements a r e  i n  
go?d agreement i n  both the  fundamental and overtone bands a l -  
though the dcsvelopment of c e r t a i n  t r ends  a t  the h i g h e s t  va lues  
of the r o t a t i o n a l  quantum number J ,  i n d i c a t e d  t h a t  the c e n t r i -  
fuga l  s t r e t c h i n g  might have been t r e a t e d  m o r e  v igorous ly .  

I n  an e f f o r t  t o  improve t h e  J-dependence of  the r e s u l t s ,  
the next  computation c a r r i e d  o u t  was based on per turbed  har -  
monic o s c i l l a t o r  wave func t ions  suggested by  Herman and Wal l i s  
and t h e  d i p o l e  moment func t ion  (1: The core of t h e  computa- 
t i o n  was a S impsm's  Rule i n t e g r a t i o n  of the e i g h t  i n t e g r a l s  
which a r e  needed f o r  a p p l i c a t i o n  t o  the  t w o  branches.  

A s  a r e s u l t  of t h e  inc lus ion  of an a d d i t i o n  t e r m  i n  the 
expansion of t h e  c e n t r i f u g a l  s t r e t c h i n g  term, t h e  2-dependence 
of  t h e  r e s u l t s  was, indeed. improved so that  t h e s e  c a l c u l a -  
ti ons c o n s t i t u t e  the best t h e o r e t i c a l  r e p r e s e n t a t i o n s  of  the 
fundamental l i n e  i n t e n s i t i e s  of Pydrogen i o d i d e  and hydrogen 
bromide 
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Since t h e  p o t e n t i a l  func t ion  upon w h i c h  the Herman and 
Wall is  wave func t ions  a r e  based is  q u i t e  u n r e a l i s t i c ,  the 
computation which i s  most success fu l  i n  t h e  fundamental i s  
n o t  r e a d i l y  extended t o  the overtone band. Accordingly,  i t  
was considered worthwhile a t  th is  p o i n t  t o  t u r n  t o  a d i r e c t  
numerical i n t e g r a t i o n  of the r a d i a l  Schroedinger equat ion 
appropr ia te  t o  t h i s  problem, and c u r r e n t  e f f o r t s  a r e  be ing  
directed toward an app l i ca t ion  of t h e  Numerov method t o  ob- 
t a i n  the f i r s t  three eigenfunct ions of the problem, a f t e r  
which the computation w i l l  r e v e r t  t o  t h e  matr ix  element i n -  
t e g r a t i o n  employed i n  the previous method. 

4)  Physics and Astronomy 

a )  Computer Program Development i n  Long Wavelength Radio 
Astronomy 

D r .  W. C. Erikson, Department of Physics & Astronomy 

As r a d i o  waves propagate through the s o l a r  corona, 
they undergo s c a t t e r i n g  due  t o  the f a c t  t h a t  t h e  e l e c t r o n  
d e n s i t y ,  and thus t h e  index of r e f r a c t i o n ,  v a r i e s  i r r egu-  
l a r l y  f r o m  p o i n t  to  p o i n t .  The observat ion of these  s c a t -  
t e r i n g  phenomena y i e l d  va luable  da t a  concerning t h e  s t r u c -  
t u r e  of the s o l a r  corona, and such observa t ions  have been 
pursued a c t i v e l y  f o r  nea r ly  a decade. The long wavelength 
of 11.4 m employed a t  t h e  antenna of the Clark Lake ob- 
se rva to ry  i n  Ca l i fo rn ia ,  i s  very s e n s i t i v e  t o  coronal  
s c a t t e r i n g  and permits t h e  examination of the s c a t t e r i n g  
phenomena w i t h  g r e a t  r e so lu t ion .  

The opera t ion  of t h e  Clark Lake observatory has  recent -  
l y  been assumed by the Department of  Physics and Astron- 
omy of the Universi ty  of Maryland. W. C,  Erickson w i l l  
d i r e c t  the research with the antenna. 

I n  o rde r  t o  prepare f o r  the f u t u r e  ex tens ive  computa- 
t i o n a l  w o r k  connected w i t h  the reduct ion  and a n a l y s i s  of 
t h e  radio-astronomical observa t ions ,  it was necessary t o  
develop a b a s i c  s e t  of s p e c i a l  and p a r t i c u l a r l y  e f f i c i e n t  
computer programs. During t h e  p a s t  four  months e s s e n t i a l l y  
two such programs have been developed and checked ou t .  The 
f i rs t  program takes the raw da ta  a s  it is  produced by t h e  
te lescope ,  makes a l l  c o r r e c t i o n s  f o r  beam width,  p o s i t i o n ,  
p recess ion ,  and the  l i k e ,  and y i e l d s  processed da ta  con- 
cern ing  t h e  p o s i t i o n ,  angular  s i z e ,  and i n t e n s i t y  of 
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radio stars. The second program will be used in the re- 
duction of solar data. It solves certain spherical tri- 
gonometrical problems which are routine but very repeti- 
tious and tedious. For each day it computes the position 
of the sun in each of the 70 lobes of the antenna's re- 
sponse pattern along with various other parameters such 
as the great circle distances between the sun and certain 
radio sources. 

The development of these programs represented an im- 
portant first phase in the computer-oriented part of this 
research effort. It is expected that future production- 
type use of these programs will be supported from other 
sources. 

b) Computational Methods in Nuclear Physics 

Dr. J. B. Marion, Dr. A. Jaffe, Dr, R. Detenbeck, 
Dr. W. Greiner, Department of Physics and Astronomy 

The principal instrument of the University of Mary- 
land's experimental nuclear physics program is the 3.5 
million-volt Van de Graaff accelerator. The research 
programs revolve about the study of the interactions of 
various particles, such as protons, deuterons, and helium 
ions, with other nuclei, mainly emphasizing reactions with 
with the light nuclei. 

The research projects have been described in detail 
in our proposal for this grant,NsG 398. In order to 
stimulate the computer-oriented work in this research 
area it was necessary to begin with the development of 
several computer programs for the reduction of experimen- 
tal results. Essentially three sets of such programs 
have been completed : 

Nuclear Reaction Kinematics: (A. Jaffe) An efficient 
program has been developed for the study of nuclear re- 
action kinematics, specifically, (a)as an aid in the iden- 
tification of reaction products, (b) for the reduction of 
data to the center-of-mass system. The non-relativistic 
equations have been used. (See, e.g., J. B. Marion, 
Nuclear Data Tables, Part 111, 1960) 

Maqnet Calibrations: (J. B. Marion) The Van de Graaff 
accelerator produces a beam of particles which is analyzed 

- 21 - 



in momentum by a uniform field magnet. The magnetic field 
is measured by a nuclear magnetic resonance device, The 
output frequency is then related to the energy of the par- 
ticle beam by a certain relativistic formula. 

A computer program has been developed which relates 
the freqciency to the energy of every type of particle that 
is being used in the Maryland accelerator. 

Transformation Tables: (R. Detenbeck and J. B. Marion) 
During nuclear experiments it is frequently necessary to 
compute rapidly the energies of particles emerging from 
nuclear reactions and to transform experimentally measured 
quantities from the laboratory system to the theoretically 
significant center-of-mass system. These computations are 
usually handled on a computer (see first program), but 
in many experiments it is desirable to have a set of tables 
available for such kinematics transformations. 

A program has been prepared to print such a set of 
tables in proper format for direct photographic reproduc- 
tions. 
ble -- through the Government Printing Office. 

It is planned to publish these tables -- if possi- 

Parallel with the development of these three programs 
the following new computational research project was begun: 

Three Body Reactions, Phase Space, and Coulomb 
Penetrabilities: (R. Detenbeck and U, Gerlach) Improve- 
ments in experimental techniques and computational proce- 
dures have now made it possible to study three dimensional 
reactions of the type 

in some detail. 
angular distributions of both light particles. These will 
depend on whether the two light particles emerge simultan- 
eously or one-after-another. If both particles emerge 
simultaneously and the transition rate for the reaction is 
energy insensitive, the energy distributions of the emer- 
gent particles are calculable from phase-space considera- 
tions. An example of such a calculation is contained in a 
report by Berlin and Owen (Johns Hopkins University, 1957). 

It is now possible to measure energy and 

When the emerging particles are charged, the assumption 
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of an energy-independent t r a n s i t i o n  r a t e  i s  no t  v a l i d .  
The p a r t i c u l a r  phase-space c a l c u l a t i o n  of Ber l in  and Owen 
has  been modified t o  inc lude  a c o r r e c t i o n  for Coulomb 
f 3rces A1 though t h e  exac t  three-body Coulomb-force pro- 
b l e m  cannot be solved, the most important effects a r e  in -  
cluded by tak ing  i n t o  account the i n t e r a c t i o n  between t h e  
p a i r  of p a r t i c l e s  w i t h  l G w e s t  r a t i o  of " r e l a t i v e  energy" 
t o  "Coulomb energy". The c o r r e c t i o n  would be m o r e  accu- 
rate i f  i t  used exact  two-body Coulomb wave func t ions  
{ o r  even bet ter ,  o p t i c a l  model wave func t ions ) .  B u t  f o r  
s i m p l i c i t y  the program developed u s e s  only the Gamow pene- 
t r a t i o n  f a c t o r s  fo r  the appropr ia te  p a i r s  of p a r t i c l e s .  

Fixing the inc iden t  beam energy and the p o s i t i o n  of 
one of two de tec to r s  connected t o  record p a r t i c l e  p a i r s  
i n  t i m e  coincidence, the experimenter measures the reac- 
t i o n  y i e l d  a s  a funct ion of the p o s i t i o n  of t h e  second 
d e t e c t o r  and t h e  energy deposi ted t h e r e i n .  The program 
c a l c u l a t e s  a pred ic ted  y i e l d  f o r  such a s i t u a t i o n ,  assum- 
ing  a one-step r eac t ion ,  tak ing  Coulomb forces i n t o  ac- 
count approximately. The program w i l l  be m o s t  accura te  
i n  two regions: 

a: where Coulomb forces a r e  n e g l i g i b l e  (of course)  ; 

bi where the Coulomb p e n e t r a t i o n  f a c t o r  dominates t h e  
r e a c t i o n  r a t e ;  i . e . ,  w h e r e  the r e l a t i v e  energy of 
one charged p a i r  (and unfor tuna te ly  t h e  r e a c t i o n  
y i e l d )  i s  very low, 

The program w i l l  be least accura te  where t h e  relative 
energy of one charged p a i r  i s  near t h e  Coulomb b a r r i e r .  
This i s  unfortunate ,  b u t  should s t i l l  permit a s tudy of 
q u a l i t a t i v e  Coulomb effects.  The equat ions used a r e  non- 
r e l a t i v i s t i c .  

Giant D i p o l e  Resonance - Col l ec t ive  Level S h i f t  Com- 
pu ta t ions :  (W. Greiner) The shell-model theory of t h e  
g i a n t  d ipo le  resonance i s  based upon s t a r t i n g  with accu ra t e  
single-nucleon wave func t ions  a s  s o l u t i o n s  of the H a r t r e e -  
Fock se l f - cons i s t en t  f i e l d ,  When only bound s t a t e  wave 
funct ions a r e  involved, reasonable accuracy can be obtained 
by the harmonic o s c i l l a t o r  approximation. This i s ,  how- 
eve r ,  no longer t r u e  i n  the more r e a l i s t i c  s i t u a t i o n  where 
the important e x c i t a t i o n s  a r e  free, or unbound s t a t e s  of 
the n u c l e u s .  I n  t h i s  case  the single-nucleon wave func t ions  
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a r e  i n  r e a l i t y  s c a t t e r i n g  s t a t e s  and lend themselves t o  
no simple a n a l y t i c  approximation, I t  i s  necessary t o  
eva lua te  them numerically on a computer. 

This p r o j e c t  is p resen t ly  concerned with inves t iga-  
t inglghe s h i f t  of t h e  c o l l e c t i v e  giant-resonance l e v e l s  
i n  0 due t o  t h e  i n t e r a c t i o n  of t hese  bound l e v e l s  wi th  
o3n t inum s t a t e s .  This i n t e r a c t i o n  takes  p l ace  v i a  re- 
s i d u a l  fo rces ,  which have not  been included i n  t h e  shell- 
model f i e l d .  

Up t o  now we  have ca l cu la t ed  t h e  s h i f t  due t o  v i r -  
t u a l  neutron emission and we  have found that  it is of the 
order  of 0,6 MeV, a q u i t e  apprec iab le  c o r r e c t i o n  t o  t h e  
usua l  pa r t i c l e -ho le  c a l c u l a t i o n s  

The work i s  now cont inuing with t h e  computation of the 
same e f f e c t  f o r  v i r t u a l  proton emission. For t h i s  pur- 
pose it i s  necessary t o  develop s p e c i a l  programs f o r  t h e  
eva lua t ion  of regular  and i r r e g u l a r  Coulomb wave func t ions .  

5. Chemical Enqineerinq 

During t h e  r e p o r t  per iod  we have begun t o  h e l p  t h e  Depart- 
ment of Chemical Engineering with t h e  computer-oriented phases 
of s e v e r a l  research projects, Analysis - and programming - 
problems have so f a r  l imi t ed  t h e  e x t e n t  of t h i s  computational 
r e sea rch ,  b u t  we expect t h a t  t h i s  s i t u a t i o n  w i l l  improve i n  
t h e  next  few months. 

a j  - Inves t iqa t ion  of Complex Equilibrium Stage Processes 

3r, J, Marchello, Department of Chemical Engineering 

Together with s e v e r a l  of  h i s  graduate s t u d e n t s ,  
J. Marchello began an i n v e s t i g a t i o n  on complex e q u i l i -  
brium s t a g e  processes .  This p r o j e c t  d e a l s  wi th  design 
computations f o r  d i s t i l l a t i o n ,  absorp t ion ,  e x t r a c t i o n  and 
s e v e r a l  o t h e r  processes t h a t  a r e  conducted i n  cascades i n  
a stage-wise fashion. This computational work involves  
the  s e q u e n t i a l  stage-by-stage m a t e r i a l  - and energy - 
c a l c u l a t i o n s  f o r  such processes ,  wi th  t h e  emphasis be ing  
on multicomponent systems. A new approach t o  t h e  problem 
of computing t h e  required number of s t a g e s  has  been de- 
v i s e d ,  b u t  t h i s  method i s  s t i l l  encountering c e r t a i n  con- 
vergence problems and i s  t h e r e f o r e  no t  y e t  completely 
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s a t i s f a c t o r y .  New methods of a t t a c k  a r e  now be ing  s tud ied ,  

bl) Computer Modeling of Two-phase Flow Problems 

D r ,  A.  Gomezplata and C, Nichols, Department of 
Chemical Engineering 

A. Gomezplata together  with C. Nichols,  a doc to ra l  
candida te ,  i s  studying a problem of two-phase flow. Air 
and water a r e  mixed and forced through a v e r t i c a l  tes t  
s e c t i o n  w h e r e  voids and p res su re  l o s s e s  a r e  measured, A 
computational procedure based on t h e o r e t i c a l  two-phase 
models i s  employed t o  c o r r e l a t e  void f r a c t i o n  d a t a .  So 
f a r ,  t h e  r e s u l t s  obtained show tha t  models t ak ing  i n t o  
account v e l o c i t y  and void f r a c t i o n  d i s t r i b u t i o n  can be 
used e f f e c t i v e l y  t o  p r e d i c t  downflow da ta .  On the o t h e r  
hand, it was a l s o  shown t h a t  lumped-parameter models can- 
n o t  d i f f e r e n t i a t e  between upflow and downflow systems. 
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